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I. INTRODUCTION
Promotion of high-tech industries is currently popular among policy-makers. The intellectual basis for such a policy has been provided by strategic trade policy modeis. The underlying idea of strategic trade policies is to expand production in certain sectors, such as the high-tech sector, and thereby better exploit positive externalities or to switch profits from foreign to domestic firms. 1 However, for various reasons it seems difficult to ensure that the implementation of high-tech promotion actually leads to an improvement in welfare. To begin with, the results of strategic trade policy models are known generally not to be robust to changes in the critical assumptions. Furthermo,re, a perhaps more fundamental problem seems to be that countries that promote their high-tech firms cannot even be sure that this will lead to an increase in high-tech production.
Most strategic trade policy models have been presented in apartiai equilibrium framework. 2 However, although very useful for studying the exact prerequisites for welfare-enhancing trade policies in individual industries, partial equilibrium analysis does not offer any insights into the interaction between the different activities that are necessary for the production of high-tech goods, e.g. research and development (R&D) and direct production. Nor does it offer insights into the interaction between different high-tech industries or between the high-tech industries and the rest of the economy. But such insights are important if we want to understand why policies undertaken to promote high-tech industries are not always successful even in the sense of expanding high-tech production.
In this paper, we analyse the circumstances in which high-tech subsidies are likely to be successful in expanding high-tech production in a sector-specific general equilibrium framework. If resources cannot easily move from other sectors of the economy, the encouragement of certain high-tech industries, or certain activities within the high-tech industries, may lead mainly to a reallocation of resources within the high-tech sector. Our le.g. Brander & Spencer (1985) , Krugman (1984 Krugman ( , 1987 , Brander (1995) . 2Including the original strategic trade policy modets presented by Brander & Spencer (1983) , (1985) . study is akin to those by Dixit & Grossman (1986) , Flam & Helpman (1987) , and Markusen (1989) , (1990) , where industrial policies are examined in general-equilibrium modeis. However, our study differs from those studies in two respects. First, we explicitly examine not only the trade-off between resources used in different high-tech industries, but also the trade-off between production of high-tech good s and R&D. Secondly, we allow for inter-industry spillovers of R&D-activities. 3 Accordingly, it is not only the industry's own R&D efforts that affect productivity, but the R&D efforts of other industries as well. Since we show that high-tech promoting policies do not necessarily increase high-tech production, the general tenor of our results casts further doubts on the benefits of a strategic trade policy.
The rest of the paper is organised as follows: In section II we present the model. Section III analyses the effects of both targeted and uniform subsidies to R&D and the production of high-tech goods when all resources are immobile between the R&D sector and the final goods sector. In section IV, we perform the same analys is but allo w resources to be mobile between all sectors of the economy. Further, we analyse a special case in section Vand discuss the results and some extensions in section VI. Our condusions are presented in section VII.
II. THE MODEL
Consider a small open economy with three industries that produce final goods. We refer to these industries as the final goods sector. Two of the final goods industries are high-tech industries who se output is denoted Xl and X 2 , respectively. The third industry can be thought of as a traditional industry, Le., an aggregate of the rest of the economy. Output in the traditional industry is denoted X 3 . Free entry and exit prevail in all industries.
The technology used in the traditional industry is assumed to be given, whereas the technology in the high-tech industries is determined by the amount of R&D undertaken in the economy. Total R&D can be divided into R&D directed towards industry 1 and R&D directed towards industry 2. Output of R&D directed towards industry 1 is denoted R] and output of R&D directed towards industry 2 is denoted R 2 . We refer to these two activities as the R&D sector.
Assume that in the short-run, there are two primary factors of production; workers and scientists; both of which are mobile between industries, but not between the two sectors. Workers are required to produce the three finished goods, while scientists are required for R&D. In the short-run, workers cannot be used in R&O nor scientists in the final goods sectors. In the long-run, these factors are however completely mobile between all activities and industries. 4 Moreover, there is industry-specific capital in fixed supplies in all industries in both the short and long-run. However, in an extension of the analys is , we also allo w for endogenously determined capital supplies.
The production functions are specified as follows:
where N and S denote workers and scientists, respectively; K Xi ; i = 1, 2, 3; are the industry-specific factors in final goods production; K Rj ; j = 1, 2; are the industry-specific factors in R&D; the functions Dl); i = 1, 2; are increasing in both their arguments and 4Because we carry out a comparative-static analysis, our modellacks explicit dynamics. Nevertheless, thinking of different comparative-static effects as occurring over time may offer useful insights. According to Neary (1978) , the sector-specific model rnay be appropriate for short-run ana!ysis since capita! cannot be costlessly transferred from one sector to another. In the long-mn, changes in capital rentals may produce changes in the different sectors' capita! stocks.
show the productivity effects of R&D; and, finally, the functions F i (.); i = 1,2,3; and Gj (.); j = 1, 2 are linearly homogenous and have the standard properties of production functions.
We start from an initial equilibrium in which firms are assumed to have optimised their production and their expenditures on R&D (although we do not explicitly model the process by which firms allocate their private R&D-expenditures). We simply assume that output in the two R&D industries is determined by profit-maximising behaviour on the part of the "producers" of R&D and that the price of a unit of output of R&D exclusive of any subsidies is constant throughout the analysis. What we study are the effects of marginal government subsidies to R&D and the production of high-tech goods'io 'For simplicity's sake, we assume that lump-sum taxes are available to finance these subsidies. The government offers ad valorem subsidies of ql and q2 for R&D directed towards industry 1 and 2, respectively, and they offer ad valorem subsidies of sI and s 2 for actual production of hightechnology products.
Given these assumptions, equilibrium real returns to the mobile factors are equal to their physical marginal product. Hence, the following first-order conditions for profit maximisation apply:
where /;(.) and gi·) are the marginal product functions with the usual properties that //<0 and g;. <o . It is assumed that mdiR 1 > m 2 /iR 1 and m 2 /iJR 2 > mdlJR 2 , Le. that R&D has astronger productivity-raising effect on its own industry than on the other high-tech industry.
Assuming that goods prices are given and that initial industrial subsidies are zero, differentiation of the first-order conditions in (4) -(6) yields:
where a A over a variable denotes a relative change in that variable, and the coefficients p Xi and p Rj are the elasticities of the demand for workers and scientists, respectively, with respect to changes in their marginal product (or the elasticities of workers' and scientists' marginal product curves; see Jones, 1971) .5
A change in IIi is determined by changes in R 1 and R z according to:
where Ei is the elasticity of II; with respect to a change in R i , and the parameter /3;, which is defined as f3i=(Of1j/~)IIi/(Of1;/8R;)IIj; i = 1, 2;j = 1,2; i '#.j, shows the fraction of the productivity effect from the industry's own R&D that affects factor productivity in the other high-tech industry. The term 8i~ in (10) reflects the change in factor input requirements that is caused by a change in the industry' s own R&D . We will refer to this effect as the own effect of R&D. If we assume that the technology factor is initially identical 6 in the two high-tech industries, l3 i takes a value between zero and one. The term f3 ie /?i in (10) then reflects the changes in factor input requirements in industry i that is caused by a change in the other high-technology industry's R&D. We will refer to this effect as the spill-over effect of R&D.
In the short-ron, when labour and scientists are immobile between the production and R&D sector, equations (11) and (12) show the conditions for equilibrium in facto r markets:
If we differentiate (11) -(12) on the assumption of fixed supplies of N and S, and then substitute (7) -(9) into the resulting expressions, assuming fixed supplies of the industryspecific factors, we get:
where AM is the fraction of the total supply of labour that is used in the production of good i and ASj the fraction of the total supply of scientists that is used in R&D in industry j.
If we differentiate the production functions in (1) -(3) on the assumption of fixed supplies of industry-specific factors and then substitute (7) -(9) into the resulting expressions we get:
where <Px;, defined as fP Xi =0 NiP Xi; i = 1, 2, 3; is the price elasticity of output in final goods industry i, and <PRj' defined as fPRj=OSjPRj; j = 1,2; is the price elasticity of R&D in industry j. The coefficient O Ni is the distributive share of workers in industry i and 0Sj
is the distributive share of scientists in industry j.
By substituting (17) into (10), we get:
In these expressions, the coefficient <1>; is defined as rfJi =fP RiSi' which is a measure of the own effect of R&D that results from a change in the producer price of the industry's own R&D. Consequently, f3 i rfJ; is a measure of the spill-over effects that result from a change in the producer price of the industry's own R&D.
By substituting (18) into (13), and then solving for the relative change in the wage rate for workers by substituting (14) into the resulting equation, we get:
respectively. The denominator in these coefficients are in tum defined as Analogously, we can write (14), the expression for the equilibrium change in the scientist wage rate as:
To find the equilibrium changes in output of final goods we first substitute (18) into (15), and then substitute (19) - (20) into the resulting equation and equations (16) - (17).
III. SHORT-RUN ANALYSIS
The short-run effects of' increased R&D and production subsidies on factor prices and output are summarised in Table 1.   TABLE 1 The effect of high-tech promoting subsidies in the short-run
From Table 1 it is evident that'the coefficients 7rt and 7rf are of crucial importance in relation to the effect of R&D subsidies. These coefficients are defined as 7rt =0 S2tPCO SJ32tP2 and 7rf =0 suhtPco SltP2' and they show the net effect on labour productivity in industry 1 and 2, respectively, from changes in R] and R 2 following an increase in the price ratio between R&D in industry 1 and industry 2. To remove the effect of differences of scale on the relative changes of R] and Rz, let us assume that, initially, the value of output from the two R&D activities is equal. The signs of nf and ,!{ will then depend only on the relative strength of the own and spillover effects of R&D. 6 We know from the assumptions made about the strength of spillovers that the inequality ni" > nf holds. However, depending on the relative strength of the own and spillover effects of R&D, ni" and nf may have opposite signs or they may both be positive or negative. If the output from the R&D activity whose relative price increases (R 1 ) is associated with weak own and spillover effects relative to the other R&D activity, ni" and nf are both likely to be negative. Similarly , if R 1 is associated with relatively strong own and spillover effects, they are both likely to be positive.
Uniform R&D-subsidies
As seen in Table 1 , a uniform increase in R&D funding will have no effect on any of the output variables, because in the short-run, the re are no resources outside R&D that can be used for production of R&D. If dqj = dq2 > 0, the only effect in the R&D sector will be an increase in the wage rate of scientists. 7
Uniform· Production Subsidies
According to Table 1 , a uniform production subsidy (i.e. ds 1 = ds 2 ) will lead to an expansion of aggregate high-tech production, provided there is some degree of substitutability of resources between the traditional industry and the high-tech industries. A uniform production subsidy is thus, in the short-run, a more certain way of expanding aggregate high-tech production than a uniform R&D subsidy. How large the effect on output of high-tech goods is, depends on the size of the terms cp Xlo N3 and cp X20 N3' i.e. it depends on the elasticity of factor substitution in the final goods industries and on how important workers are as an input in these industries. 8 6 The assumption PRlR1=Prul?z implies the equality 'PRl/iS2='Pru/iSl' Using this in the definitions of trf and tr~ we find that sign(trf)=sign(&1-!i2&2) and sign(~)=sign(pl&C&2)'
7This corresponds to the case with "pure inflation" in Jones (1971) , Le. an equiproportionate rise in the prices of goods changes factor prices by the same proportionate amount. 8 From the definitions of the coefficients <PXi and SNi it follows that their size depends on the size of the elasticities of the demand for workers, on the one hand, and on the industry's worker intensity, on the other.
Targeted R&D-subsidies
In the case of targeted R&D subsidies, resources within the R&D sector will be reallocated so that the targeted R&D increases and the non-targeted R&D decreases. To find an expression for the effect on aggregate high-tech production we shall, throughout the analysis, assume that initial prices of high-tech goods are equal to one and that output is the same. 9 The effect of a targeted R&D subsidy to industry l is then shown by the following expression:
'c
We can see that there are three effects that determine the total effect on output of high-tech goods. In both industries there are direct productivity effects which in tum lead to changes in output from given inputs. There is also a reallocation effect from workers moving into or out of the traditional industry when productivity changes in high-tech production.
The tendencies of each of these three effects depend on the signs of ni" and :If.. If R&D in the targeted industry has sufficiently stronger own and spillover effects than R&D in the other industry for ni" and :If. to both be positive, (21) will be positive and a targeted R&D subsidy will be successful in expandinghigh-tech production. From the last terms in (21), we see that this expansion will be larger, the more easily the high-tech industries can attract workers from the traditional industry. If instead the subsidised industry has relatively weak own and spillover effects so that ni" and :If. are both negative, the high-tech sector will contract. This contraction will be greater the more easily workers can move between the high-tech sector and the traditional industry. If the strength of own and spillover effects
The elasticity of the demand for workers is positively related to the elasticity of factor substitution (see e.g. Jones 1971 ). 9The assumption that the output initially is of equal value in the two high-tech industries implies that
are quite similar in the two high-tech industries, ni" will be positive and :I{ negative. The effect on aggregate high-tech production is then less clear-cut. In addition to the magnitude of ni" and :I{, the effect will also depend on how easily the targeted industry can attract workers from the traditional industry and how easily the non-targeted industry can release workers to that industry. Thus, uniess we have quite detailed knowledge, in particular about the relative strength of own and spillover effects of R&D, targeted R&D subsidies may cause a reduction of high-tech output.
Targeted Production Subsidies
Now, assume instead that industry 1 gets a production subsidy equal to ds 1 . From Table 1, we flnd that X 1 =<PXl(1-b"N1)ds l and X2=-<PX2b"Nldsl' Taken together, this means that Xl + X 2 =<P Xlb" N3 dsl' 1O Thus, provided that there is some degree of substitutability of resources between the targeted industry and the industry producing traditional goods, aggregate high-tech production will expand. In this case, a scheme of production subsidies that is especially successful in expanding aggregate high-tech production should involve targeting the high-tech industry that can most easily attract workers from the traditional industry.
IV. LONG-RUN ANAL YSIS
In the long-run, we assume that the proportion of the overall labour force that becomes workers and scientists, respectively, responds perfectly to changes in their relative returns.
This corresponds to a situation where a given overall supply of labour is mobile between all flve different activities in the economy. Factor markets are then in equilibrium when the value of marginal products of labour is equalised across all activities.
l<Yrhe effect on aggregate high-tech production is derived by using the equality in the previous footnote and the definition of the 0'5.
If we denote the wage rate that is now the return to both scientists and workers by w L , equilibrium in the factor markets is achieved when the following condition holds:
The coefficients o Xi and O Rj in (17) 
The coefficient 0x is defined as 8 x == L~=l Xi and it shows how much a uniform increase in the prices of final goods influences the wage rate of labour. 
Uniform R&D Subsidies
We use dq to denote the uniform R&D subsidy. The effect on aggregate output of hightechnology goods can be found from expression (23):
where oR s8 Rl +8 R2 (and shows how much a uniform increase in the return to R&D influences the wage rate of labour). In this expression, the coefficients ni and nI are of cmcial importance. They show the total productivity increase brought about by an expansion of R&D in both high-tech industries. With uniform R&D subsidies, labour will move to the R&D sector and technology will improve in both high-tech industries. The first two terms in expression (23) show the direct productivity effect of this increase in R&D, and the following two terms show the positive indirect effect of the reallocation of labour from the traditional industry following the productivity increase in high-tech production.
However, there is also a negative effect from the reallocation of labour from the final production of high-tech goods to R&D. This effect is shown by the last two terms in (23).
In the long-mn, therefore, as opposed to the short-mn, a uniform increase in R&D subsidies may lead to an expansion of aggregate high-tech production. However, this assumes that the expansionary effects of the improvement of technology brought about by the increase in R&D more than outweigh the contractive effects of any reallocation of resources between the production and R&D sector.
Uniform Productian Subsidies
In the long-run case, uniform production subsidies are less certain to be successful in expanding aggregate high-tech production because labour can be drawn from the R&D sector which will in tum have a negative effect on productivity.
The effect on aggregate output of a uniform production subsidy is shown by expression (24): (24) where ds is the uniform production subsidy. There are two counteracting effects, as shown by expression (24), and, consequently, the effect of production subsidies is generally ambiguous. The positive terms in (24) show the effect of a reallocation of labour to the subsidised industries from the rest of the economy. The negative terms show the effect on factor productivity of the induced fall in R] and R 2 . Self-evidently, the negative effect of this fall will be larger, the more easily labour is drawn from the R&D sector to the hightech production and the more productivity in the high-tech industries is affected by changes in R&D (i.e. the higher is [(ö Xl+Ö x2Xnf +nI)]).
Targeted R&D Subsidies
Consider now the case of an R&D subsidy directed towards industry 1, i.e., dql > O and dq2 = O. Labour will now be drawn away from the R&D activity that is not targeted and the direction of the effect on aggregate high-tech production depends in a more complex way on the interaction between industries than in the case of uniform R&D subsidies. It now becomes important to target the R&D-activity that has large own and spillover effects and that can also relatively easily draw labour away from the traditional industry.
The effect on aggregate high-tech production is shown by expression (25): " " JJ N* N*
where 7Z"f* =(1-0 Rl)f!Jl-o Rlf3 2 f!J2 and 7Z"~* =(1-0 Rl)P1f!Jl-0 Rlf!J2 show the net effect on productivity in industry 1 and 2, respectively, from the changes in R] and R 2 following a relative increase of the price of R&D in industry 1. These terms (the first two terms in (25» thus show the direct net effects on productivity from the changes in R] and R 2 . The likelihood that these net effects are both positive is now greater cornpared to the short-mn case, since the targeted R&D activity can now expand by drawing resources from all other sectors in the economy, and not only from the non-targeted R&D activity.
The remaining terms in (25) show indirect reallocation and productivity effects. There is a positive employment effect stemming from the tendency for increased labour productivity as targeted R&D increases. Resources are attracted to high-tech production from the traditional industry and the non-targeted R&D activity, as shown by the terms that are multiplied by (o R2+0 X3)' However, there are also counteracting effects. Labour is drawn from high-tech production into the subsidised R&D activity, as shown by the first two negative terms. Furthermore, labour is drawn from the non-targeted R&D activity. This will have a negative effect on productivity which offsets the positive effect from the expansion of targeted R&D (this effect is shown by the following two negative terms in (25».
The last terms in (25) show the indirect effect of the change in labour productivity in high-tech production on the scope for expansion of the targeted R&D activity. Depending on which of the two high-tech industries is the most labour intensive, this will either extend or limit the scope of an expansion of the targeted R&D activity, thereby determining the total productivity-improving effect stemming from the increase in R]. The changes in R]
and R 2 will certainly lead to an improvement of industry l' s labour productivity relative to industry 2's, irrespective of whether overall labour productivity improves or not.
Consequently, if industry 2 (industry 1) is the most labour-intensive high-tech industry (Le. if 8 X2 >( <)8 Xl), the relative worsening (improvement) of productivity in industry 2 (industry 1) will have a relatively large curbing (magnifying) effect on the wage rate, increasing (decreasing) the scope for expanding R l' Il Just as in the short-run case, there would seem to be a considerable need for detailed information about the structure of the economy in order to ensure there would be positive effects on aggregate high-tech production. Although the problem of having to substitute one R&D activity for another is now of lesser importance, in this case, resources may be drawn away from high-tech production into the targeted R&D-activity. To add some insights into how the outcome is affected by the strength of the effect on productiyity from R&D, on the one hand, and the factor intensities and substition elasticities in high-tech production, on the other, we shall in a subsequent section analyse a special case where we disregard any spillover effects and assume that productivity effects from R&D are similar in the two hightech industries.
Targeted Production Subsidies
Finally, consider a targeted production subsidy to industry 1, i.e. dS I > O and dS 2 = O.
The effect on aggregate high-tech production is shown by expression (26): (26) The first terms in (26) show the effect of a reallocation of resources from the R&D sector and the traditional industry to the targeted industry. This reallocation points to an increase in production of high-tech goods. The following terms show the negative effect of a loss of factor productivity when the R&D sector contracts. Output in the targeted industry mayor may not increase, depending on which of these effects is the strongest: the positive reallocation effect or the negative productivity effect. Output in the non-targeted high-tech industry is, however, certain to fall, because both the reallocation effect and the productivity effect work towards reducing output. The greater the ease with which labour can move between the targeted industry and the traditional industry, the more final production can expand without reducing R&D and thereby factor productivity.
V. A SPECIAL CASE
The analysis shows that the strength of own and spillover effects from R&D and the relative ease with which resources can move between sectors are the importap.t factors determining the outeorne of different policies. To generate more easily interpreted results, especially in the case of targeted R&D subsidies, we shalI in this section focus on a special case. Let us now disregard spillover effects by setting r3j = r32 = 0, thus focusing on the ca se where the productivity improvements from R&D in one high-tech industry are proprietary and have no effect on productivity in the other high-tech industry. 12 Furthermore, let us assume that the own effects of R&D are equal in the two industries by setting 8j = 82 = 8. Thus, the two high-tech industries can onIy differ in their factor intensities and e1asticities of factor substitution. As before, to remove any effects that occur simply because of sca le differences between industries, we assume that, initially, the value of output of both R&D and final goods are equal in the two high-tech industries (that is, with all prices initially set to one, we assume that Xl = X 2 and R j = R 2 ). In the long-run case we also add the assumption that the value of the output of R&D equals the value of the output of final goods (i.e. X j = X 2 = R j = R 2 )·13
In the short-run analysis we were able to derive unambiguous results in all cases but the one with targeted R&D-subsidies. The following expression corresponds to (21) in the previous analysis:
Expression (27) shows that to expand high-tech production in this special case, the targeted industry should be the one with the higher supply elasticity , i.e. the higher workerintensity and elasticity of substitution. When the productivity improvement in the targeted industry is exactly counteracted by the productivity deterioration <.ih the other high-tech industry, the effect on aggregate high-tech production will only depend on whether the targeted industry can more easily draw workers from the traditional industry than the traditional industry can from the non-targeted high-tech industry.
In the long-run, the effect of production and R&D subsidies will depend crucially on the size of the productivity effects of R&D. If the elasticity e, which shows the effect of changes in R&D on productivity in high-tech production, is greater than one, uniform R&D subsidies will be more successful in expanding aggregate high-tech production than uniform or targeted production subsidies . The negative effect of resources being drawn out of hightech production into R&D will in this case be more than compensated for by the resulting increase in factor productivity as R&D expands. If e is lower than one, production subsidies are to be preferred because the positive effect on output from the reallocation of resources from R&D to high-tech production outweighs the negative effect from the worsening of productivity as the R&D sector contracts. 14 With a targeted R&D subsidy, the elasticity e interacts with factor-intensities and substitution elasticities in determining the outcome. The following expression, which corresponds to (25) in the previous analysis, shows the effect on aggregate high-tech production:
(28) Expression (28) shows that to expand high-tech production, the industry with the lower (higher) elasticity of supply should be subsidised if s is greater (less) than one. If changes in R&D bring about relatively strong effects on productivity (i.e. if s > l), a reallocation of labour from high-tech production to R&D will result in increased output of high-tech goods. With a targeted R&D subsidy such a reallocation i's facilitated when the industry with the relatively lower elasticity of supply is targeted. The non-targeted industry, whose productivity worsens, will release a relatively large amount of labour to the R&D sector at the same time as the expansion of R&D will not be curbed by large increases in the targeted industry's demand for labour as its productivity improves. On the other hand, if changes in R&D bring about relative ly weak effects on productivity (Le. if s < l), the output of high-tech goods will fall as we reallocate resources from high-tech production to R&D. Just as in the short-run case, it would then be better to target the industry that can relatively easily draw resources from other industries.
VI. EXTENSION AND DISCUSSION15
How general are the se results? One obvious objection to the assumptions made in the analysis is that the sector-specific capital may not be fixed in the long-run. In this section, we will therefore extend the analysis to allow for endogenous endowments of capital in each sector. 16 Such an analysis is in a sense biased in favour of positive effects from subsidies: increased rental rates in one activity may increase the supply of capital without reducing 15 This section is largely the result of useful comments by two anonymous referees. 16 The model and the analysis is outlined here, white a more detailed account can be found in Appendix. capital stocks in other industries. However, even in this case we cannot be certain that hightech subsidies succeed in expanding aggregate high-tech production.
Let us make the same assumptions as in the long-mn analysis in section IV, with the exception that the supply of industry-specific capital now is a functions of its rental rate.
For simplicity , we assume that the high-tech activities are symmetricaI: factor-intensities, the elasticities of substitution and the elasticities of capital supply with respect to the rental rate are identical in industry 1 and 2. Since the high-tech sectors are symmetri c , we shall only consider uniform production and R&D subsidies. It is, however, clear that the qualitative insights would be the same with targeted subsidies and asymmetric industries.
Expression (29) shows the effect on aggregate high-tech production of uniform production subsidies : (29) where the subscript H refers to high-tech production; the term <I> H is defined as <I> H 52A. LH8kHP HIf/ H; If/ is the elasticity of the capital supply divided by capital's distributive share; the cp's, A'S, p's and e's have the same interpretation as before; the terms o~ and o; are defined as o~ 52A. LR (PR +8 LRIf/ R) and o; 5A. LX3(P3+8 LX31f/3),17 where the subscripts R and 3 refer to R&D and the traditional industry, respectively; the term 7r;* is defined as 7rT*5(ffJR+8LRIf/RXS;+/JjSj); i = 1, 2;j = 1,2; i *j; and the determinant, !1 * , is positive. 18 The term <I> H in (29) illustrates the direct positive effect on high-tech production of the induced increase in capital supply. The rest of the terms are similar to those we had in the case with fixed capital, except that there are now reinforcing effects from changes in the capital stocks. The terms multiplied by (8~ +8;) show the positive realIocation effects 17 The S's have a similar but not identical interpretation as in previous sections. They still show how strongly a price increase affects the wage rate, but they are not specified as shares here. Consequently. they do not add up to one when specified for all sectors of the economy. 18 See Appendix for a definition of the determinant ~*.
when labour is attracted from other sectors of the economy, i. e. R&D and the traditional sector. Now, the value of labour's marginal product increases not only as a direct consequence of the subsidisation, but as a consequence of the induced increase in capital, with its positive effect on labour's marginal product, as weIl.
The last terms in (29) show the negative effect of reduced output in the R&D sector.
This negative effect also contains additional elements when compared with the fixed capital case. As labour moves out of the R&D sector, the marginal product of capital will fall, and this, in tum, will lead to a reduction in the capital stock (this effect is included in the definitions of the nOs). There is, therefore, a tendency for factor productivity in high-tech production to fall more than with fixed capital. In addition, this fap in productivity will now have a stronger negative effect on the output of high-tech goods, since it leads to a negative effect on the capital supply in the high-tech sector.
Thus, we can see that to a large extent the same qualitative trade-offs as already exist in the case with fixed sector-specific capital apply. This conclusion is further strengthened when we consider uniform R&D subsidies. Expression (30) shows the effect on aggregate high-tech production:
where the subscript R refers to the R&D sector and the term <l> R is defined as <l> R =2Ä LRBkp Rlf! R' This term illustrates the direct effect on output of R&D from the induced increase in capital in this sector. Expression (30) reveals that there are two direct effects on aggregate high-tech production of changes in capital supply. First, the positive effect on R&D of the increase in R&D capital will have positive effects on high-tech production, as shown by the first terms in (30) (the terms multiplied with <l> R)' The resulting increase in factor productivity has a positive effect on output because the given factor inputs become more productive, and, in addition, because the employment of both labour and capital increases. The other direct effect of changes in capital supply is shown by the terms multiplied with <I> H' This is the effect of the increase in capital in high-tech production when capita!' s marginal product increases as a result of increased R&D.
All other terms in (30) represent similar effects to those we had with fixed capital, but, again, these effects are reinforced by the induced changes in the capital stocks. The positive effects from increased R&D; an increase which is now strengthened by the increase in R&D capital; are now reinforced by increases in capital in high-tech production.
Furthermore, when labour is drawn away from the traditional industry, capital's marginal product falls in that sector giving rise to a negative effect on the capital stock. This exerts downward pressure on the wage rate, and more labour can therefore be attracted to R&D and high-tech production. In a similar manner, the negative effect of the reallocation of labour from high-tech production to R&D is reinforced by the induced changes in capital stock in both R&D and high-tech production.
This analys is shows that even though there seems to be astronger presumption for high-tech production to increase with endogenous capital supplies, we still cannot be certain that this will happen. Moreover , there seems to be an even more serious risk that inappropriate policies may cause a substantial fall in high-tech production, since induced changes in capital supplies tend to reinforce the effects of these policies. Hence, the choice of policy-measures is in fact more crucial in the case of endogenous capital endowments.
Another potential objection to the analysis performed in the previous section is that the assumption of constant R&D prices does not fully capture the interaction between production and R&D-subsidies. More specifically, one could argue that production subsidies could be expected to lead to increased demand for R&D and consequenly to increased returns to output of R&D. In a sense, the policy-choice would be made easier if R&D in a targeted industry expanded in response to production subsidies, since there would not then be a trade-off between R&D and final production within the same industry .
However, the policy-choice could in another sense be even more difficult: the induced expansion of R&D in the targeted industry is likely to come about at the expense of a contraction of non-targeted R&D activities. If production subsidies are offered to the industry who se R&D has the lowest productivity-raising effect, the overall effect on factor productivity in high-tech production may be negative. Furthermore, even in the case of uniform production subsidies, there has to be some degree of substitutability between the high-tech sector and the rest of the economy for aggregate high-tech production to be able to expand.
Finally , a third objection to the way the analysis has been framed is that workers would presumably need to invest in human capital to become scientists and this investment is costly since it requires real resources. If we were to take this into consideration, the results that cast doubt on the 'possibility of expanding high-tech prpduction by means of industrial targeting would presumably be further strengthened. In educating scientists, other scientists would be needed. Hence, there would be yet another trade-off to consider: the trade-off between resources allocated to education and resources allocated to production and R&D in the high-tech industries.
VII. CONCLUSIONS
The main conclusion reached in this paper is that targeted industry subsidies may be ineffective for expanding production in the targeted sectors. Nevertheless, the likelihood of the continuing popularity of high-tech subsidies among policy-makers and the possiblity of certain positive welfare effects from increasing high-tech production leads us to ask how a subsidy scheme might be designed in order to achieve such an increase in high-tech production. In the short-run, the analysis shows that production subsidies are generally preferable to R&D subsidies. In the long-run, however, there is potentially greater scope for implementing a successful policy of increasing R&D-activities since resources are then also mobile between production and R&D.
The analysis suggests that targeted subsidies, especially in the case of R&D-subsidies, require even more detailed knowledge about the structure of the economy, than do uniform subsidies. Therefore, it may be preferable to aim for uniform subsidies. In addition, giving both R&D and production subsidies to high-tech industries reduces the risk of ehoosing policies that have a strong negative effect on high-tech production, a risk that is evident if one only ehooses one specific policy.19 The worst that can happen with unifonn and farreaching subsidies is that resources are not available for expanding high-tech production. In this case, nothing is gained, but on the other hand, however, not very much is lost since the subsidies are simply passed on to factors employed in the high-tech sector .
Goods prices (Pl> P Z ' P 3 ), the returns to R&D (PRl> P RZ ) and the supply of L are assumed to be given, and initial subsidies are set to zero.
Results
We differentiate the resource constraints (AS) -(A 7) and use this into the differentiated resource constraint (A4) to eliminate the changes in output leveis. We solve the differentiated zero profit conditions (Al) -(A3) for changes in the returns to sector-specific capital and use this in the expression resulting from combining the differentiated resource constraints. By also using the definitions of PXi and PR)' we get the following expression for changes in the wage rate:
where we have assumed the following symmetry between the different activities in the high- To find changes in output levels for R&D and high-tech production we use the differentiated resource constraints (AS) and (A7). We use the cost minimisation conditions (A8) -(A9) in the definitions of the p's to solve for GKXi and GKRj' and the differentiated zero profit conditions to solve for w KXi and w KRj' Substituting this into the differentiated resource constraints yields:
where fPH=BLHPH; and fPR=BLRPR' We substitute changes in R] and R 2 from (A12) into expression (10), and then use the resulting expressions in (AlO) and (All):
(A13)
